I MMIGRANT groups to Israel from westerni and easterni counitries differ widely in morbidity anid moi tality fromn coronary disease.
They provide, therefore, an opportunity for epidemiologic study of atherosclerosis. The influence of socioeconomic conditions and diet upon blood lipids and proteins was investigated in 2,200 subjects belonging to different immigrant groups and social classes. These findings were correlated with morbidity and iortality rates of the equivalent groups in the whole population.
Atherosclerotic heart disease is recognized in the western world as the chief cause of morbidity and mortality of man at the peak of his mental and social activity. In the search for clues of the etiology of atherosclerosis in man, different workers1-4 and in particular, Keys,5 established a positive correlation between the amount of fat in the diet, the level of serum cholesterol, and the frequency of atherosclerosis. Nevertheless, other workers express the opinion that genetic factors might influence the incidence of atherosclerosis.6 7 Further epidemiologic research is therefore necessary to clarify the effects of the different environmental factors in the pathogenesis of atherosclerosis.
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Circulation, Volume XXII, August 1960 in the group that had arrived most recently from Yemen. [8] [9] [10] [11] In order to clarify the causes for these differences socioeconomic conditions, diet, and the blood lipids of the various immigrant groups in Israel were examined. The group of immigrants from Yemen, composed of " early " immigrants living in Israel over 20 years and " recent " immigrants living in the country for about 5 years, was of special interest as this genetically pure group made it possible to observe the effect of changing environment on the morbidity and mortality of atherosclerosis.
Characterization of the Human Material
In 1953 and 1954 we examined the following groups of manual workers: 274 "recent" and 254 "early" Yemenite immigrants," 146 Iraqi immigrants, and 262 European immigrants. In addition, the following groups of immigrants were examined: 400 European white-collar workers, professionals, and middle-class persons and 400 atherosclerotic Europeans with clinically proved mnyocardial infaretion.
In 1957 and 1958 we re-investigated a group of 182 "recent" Yemenites who had by then been resident in Israel for 9 to 10 years (henceforth called "semi-recent") as well as an additional 144 "early" Yemenites and 138 manual workers of European origin (table 1) .
All subjects were selected at random and underwent a thorough physical examination by one of us with the help of their local physicians. Persons with a history of cardiovascular disease or other pathology liable to affect the serum cholesterol level were rejected. The following were also rejected: subjects with blood pressure higher than 140/90, subjects considerably underweight, subjects with enlargement of the spleen or liver, subjects presenting low blood cholesterol levels in the presence of impaired liver function, and pregnant and lactating women.
Social Conditions
The "recent" Yemenites examined in 1953 and 1954 lived in transit camps under poor conditions and were mostly unskilled and partly unemployed manual workers. Their income compared to that of other groups investigated was the lowest (I.L.19.* per person per month). The economic conditions of the " early" Yemenites examined in 1953 and 1954, who were in the main skilled laborers and farmers, was better with an income of I.L.38. per person per month. In 1957 and 1958 the social conditions of these 2 groups were restudied. Although there was no significant change in the economic conditions of the "early" group, the economic conditions of the "recent " Yemenites was considerably ameliorated. Their monthly income per person had risen to I.L. 30 1954, 55 "recent" and 21 "early" Yemenite families were surveyed. In 1957 and 1958, 30 "semi-recent" and 20 "early" Yemenite families were included in the dietary survey. Some of the "semi-recent" Yemenites had formerly belonged to the "recent" group investigated in 1953 and 1954. The daily composition of food of the whole family and the quantity of food consumed by each member of the family was weighed and recorded for 7 consecutive days. The particular method of food preparation as well as types and quantities of spices, which are abundantly in use by these groups, was noted.
The dietary survey of 1953 and 1954 (table 2) showed that the "recent" Yemenites consumed mainly "Pita," a type of flat, yeastless bread; large quantities of vegetables; very little meat (once weekly), and very little fatmainly in the form of "samnle" (boiled butter with "hilbe"*). Since the socioeconomic conditions of the "early" Yemenites were better, their caloric intake and the percentage of calories derived from fats were higher than those of the "recent" Yemenites. Both groups made abundant use of sunflower seeds, chickpeas, nuts, and almonds.
The dietary survey of the group of "semirecent" Yemenites examined in 1957 and 1958 (table 2) revealed that with the improvement in the socioeconomic conditions there was a considerable increase in the total caloric in-take as well as in the percentage of calories derived from fats, whereas in "early" Yemenites the inierease in total caloric and fat intake was moderate.
Clinical and Laboratory Methods
Each subject was weighed and measured nude. Blood pressure was measured in the sitting position; blood samples were collected in the morning from fasting subjects, and the serum was removed 3 to 4 hours later. Every blood examination was performed in duplicate and results diverging by more than 5 per cent were discarded. A detailed description of our methods appeared previously.10 For the additional determinations of protein,12 lipoprotein,13 and cholesterol14 fractions carried out in 1957 and 1958, paper electrophoretic methods were used. Total blood proteins were determined by a modification of the biuret method. (Globulins were precipitated with solution of sodium sulfate 22.2 per cent.)
Results

Nutritional Status ExDressed by the Welght:Height
Ratio (Tables 3 and 4 
) Men
The lowest weight:height ratio was found among the "recent" Yemenites resident in Israel for about 5 years. After 9 to 10 years residence in Israel, the average weight of the "semi-recent" Yemenites in the age group 45 to 64 increased significantly and reached the weight :height ratio of the " early" Yemenites. The weight:height ratio of the "early" Yemenites approached that of the manual workers of European origin although it was still signifieantly lower. A significant difference in all age groups was found between middle-class Europeans and European patients with myocardial infarction.
Women
The lowest weight:height ratio was found in "recent" and "semi-recent" Yemenites. A significant difference between the "early" Yemenites and "semi-recent" Yemenites remained even after 9 years in Israel. In the 35 to 54 age groups, a higher value of the weight: Circulation, Volume XX3I, August 1960 height ratio was observed in the middle-class European immigrants than in the manual workers of the same origin. In the age group 45 to 64, the weight :height ratio of the European group with myocardial infaretion was significantly higher than that of the middleclass European immigrants.
Hemoglobin (Tables 3 and 4) The mean hemoglobin values in all groups were slightly lower than those accepted in western countries.15 In women these values were lower than in men for all groups. In men of the 45 to 64 group the hemoglobin values were significantly higher in manual workers of European origin than in "early" Yemenites, whereas in women it was higher in all age groups.
Blood Pressure
The lowest mean systolic and diastolic pressures were found in the "recent" Yemenite group. Higher blood pressures were found in the "early" Yemenites, still higher in the Iraqis, increasing with the European manual workers, middle-class, and professional Europeans with myocardial infaretion. As cases with elevated blood pressure were excluded from our study, no definite conclusions were drawn from these data. (Table 3) In general, no significant differences in total Droteins, albumin, and globulin fractions were found in any of the groups. regardless of age. A significant difference, however, in albumin, alpha 1 and alpha 2. was found between European manual workers and Europeans with mvocardial infarction onlv in the 55 to 64 age groups.
Blood Proteins and Protein Fractions
Cholesterol (Tables 3 and 4 . Fig. 1 
)
The mean serum cholesterol value was lowest for "recent" Yemenites examined in 1953 and 1954 in men of all age aroups. Values for "early" Yemenites were significantly hivher statisticallv (men: t -7.99 -6.96 -7.53: women: t 3.77 -6.07 -4.62). Four years later the group of "semi-recent" Yemenites examined showed a significant rise in their TOOR, KATCHALSKY, AGMON, AlILALOUF t++, highly significant: critical ratio >3.5. t+, significant: critical ratio >2.5.
to 64 years old (t = 2.57, 3.4, 2.7) and women 55 to 64 years old (t = 3.86). A highly significant difference in beta cholesterol was found between European manual workers and men with myocardial infaretion of all 3 age groups (t = 6.02, 7.87, 3.11). No significant difference was found in alpha cholesterol between these 2 groups. The outstanding results were the constanciof alpha cholesterol in milligrams per cent Circulation, Volume XXII, August 1960 and the variability of beta cholesterol in all groups examined ( fig. 2 ).
Lipoproteins (Tables 3 and 4)
Comparison between " semi-recent " Yemenites and "early" Yemenites showed significantly lower alpha lipoprotein and higher beta lipoprotein values in men 55 to 64 years old. Significantly higher values for beta lipoproteins were found in European men, manual workers, 35 to 44 years old (t = 3.37). The cholesterol :phospholipid ratio followed the general pattern of differences in cholesterol levels among the various groups.
Morbidity from Myocardial Infarction
In order to evaluate the incidence of morbidity from atherosclerosis in the different groups, we reviewed 5,000eases of myoeardial infarction from all but one of the leading hospitals in Israel over the period 1947 to 1957. On the basis of this material we calculated the ineidene of myoeardial infarection in "early" and " recent " Yemenites and eastern and western immigrants (fig. 3) . The relative difference in morhidity from myoMardial infarction in the various groups is expressed as rates per 1,000 persons of the same sex and age group in the whole population. The respective rates were men: " reent " Yemenites, 0.1; "early" Yemenites, 1.6; immigrants of easten origin, 5.2; immigrants of western origin, 17.7; women: " recenta" Yemenites, 0; "early" Yemenites, 0.2; immigrants of eastern origin, 1 The atherosclerotic mortality rate for 1953 to 1957 of the "early" Yemenites in the 45 to 64 age group was about 4 times the mortality rate of "recent" Yemenites in men and 3 times in women. The mortality rate of the European Jews was considerably higher.
The mortality from all other diseases in men of both Yemenite groups is practically the same (table 6) .
As mentioned elsewhere,'1 these figures were based on clinical rather than on postmortem examination, but since most of the population, and practically all of the eastern immigrants, get their medical treatment through the Sielc Fund of the General Federation of Labour, the proportion of errors due to death certificates based on clinical diagnosis is likely to be the same in the different groups.
Coronary Atherosclerosis and Myocardial Infarction
In order to obtain a quantitative correlation between the extent of coronary atherosclerosis and myocardial infaretion, we summarized the results of 385 postmortem examinations performed in our hospital on patienits who had died of myocardial infaretion (table 7) . In about 80 per cent of the autopsies performed, severe atherosclerotic changes in the coronary arteries were found; in the other 20 per cent moderate atherosclerotic changes were observed.
Serum Cholesterol and Mortality from Atherosclerosis
Comparison of serum cholesterol levels and mortality rates from atherosclerosis ( fig. 4 ) shows that the "recent" Yemenites with the lowest serum cholesterol values also have the lowest mortality rates from atherosclerosis; the " early " Yemenites with higher cholesterol values have a higher mortality rate from atherosclerosis.
Discussion
This epidemiologic study shows that atherosclerosis was lowest in the group of "recent" immigrants from Yemen, the poorest among the groups investigated. In 1953 and 1954, after 5 years in Israel, their nutritional status and blood cholesterol levels were lower than that of any other group of Israeli inhabitants.
A follow-up study of this group in 1957 and 1958, after 9 to 10 years in Israel, showed that their soeioeconomie condition had improved and that there was a rise of 43 per cent in their total caloric intake as well as a rise of 7 per cent in their percentage of calories derived from fats (table 2). In men 45 to 64 years old there was a highly significant increase in their nutritional status as well as in serum cholesterol level. These findings demonstrate the gradual transition of the poorest group of " recent " Yemenites with the lowest cholesterol level to the economically better-off group of "early" Yemenites with higher cholesterol levels.
Dietary survey of the "early" Yemenites showed that although the composition of their food remained essentially similar to that of the " recent " Yemenites, their total caloric and fat intake increased and approached that of the European manual workers. 16 It can be assumed that the rise in serum cholesterol level in the "semi-recent" and "early" Yemenites is due to over-all higher caloric and fat intake. Another factor to be considered is a possible change in the ratio of saturated to unsaturated fatty acids2' [17] [18] [19] [20] or a shift to a less bulky diet poorer in vegetables. These possibilities are now under investigation.
The morbidity and mortality from atherosclerosis of the "early" Yemenites is higher than that of the "recent" Yemenites, but the mortality from other diseases is practically the same in both groups. As the "recent" and "early" Yemenites belong to the same genetic group, the difference in their serum cholesterol values can be mainly attributed to the differ-Circulation, Volume XXII, August 1960 275 6 4 Another indication that the ealoric imbalance is an important factor in determining the group incidence of atherosclerosis is that during World War I and particularly World War II, when food was scanty, the over-all mortality from atherosclerosis was considerably diminished.21 24 Likewise, physicians who survived the Nazi concentration camps reported that during the years of their imprisonment, they never encountered patients with myocardial infaretions or patients with anginal syndrome, even in persons over 50 years of age. Moreover, persons who were previously known to them as patients with atherosclerotic heart disease became free of clinical manifestations of their disease after losing considerable weight due to the conditions prevailing in the concentration camps. [25] [26] [27] Cholesterol as an Atherogenic Index Comparison of the incidence of atherosclerosis with the results of clinical and laboratory investigations shows that only the total and beta cholesterol levels give a direct correlation with the epidemiologic data. Neither the other blood lipids nor the protein fractions show any significant differences among the various groups examined.
As the alpha cholesterol was found to be constant in both sexes and all ages of the various population groups while the variability was localized in the beta cholesterol, In the different population groups examined, it was found that an improvement in the socioeconomic status is accompanied by an increase in the cholesterol content of the blood.
It can, consequently, be stated that the mean cholesterol level is a socioeconomic characteristic of a population group and can be allotted varying values for different social groups of the same age, sex, and ethnic origin. This fact is seen not only among the Yemenites but also among the various classes of western immigrants ( fig. 1 ). This corresponds to similar findings in different social classes in Spain, 28 Italy,29 and India30 as well as in Japanese in Japan and Japanese in Hawaii. 31 The socalled cholesterol norms of the western or westernized countries are "simply standards for preelinical coronary disease, '31 as pointed out by Keys, and should be substituted by a mean value obtained from population groups nearly free of atherosclerosis found in underdeveloped countries.
On the basis of our available data, it seems that the value of a normal cholesterol level in adults is about 160 mg. per cent in men and 180 mg. per cent in women, as found in "recent" Yemenites. These values were also confirmed by other workers. 32 The cholesterol level of blood withdrawn from the umbilical cord of newborn infants of different population groups throughout the 
Prevention of Atherosclerosis
Since myocardial infaretion is the main cause of morbidity and mortality in western civilization, its prevention is a major problem of public health. Although multiple factors, such as changes in blood coagulability, physical activity, stress, and hormones as well as local factors in the coronary arteries are inplicated in the pathogenesis of myocardial infaretion, atherosclerosis is generally accepted as being its underlying cause. In our material (table 7) , no case of myocardial infaretion without atherosclerosis was fournd, and about 80 per cent of the cases had severe coronary atherosclerosis. The present observations on 2,200 subjects of western and eastern origin and of different socioeconomic groups corroborate the investigations carried out in underdeveloped countries which show that, in populations with low serum cholesterol values, the mortality rate from myocardial infaretion is correspondingly low.2, [36] [37] [38] With amelioration of the socioeconomic status, along with an increase in the total caloric intake, a decrease in consumption of bulky vegetable food and an increase in percentage of calories derived from fats, blood cholesterol and atherosclerotic mortality rate rises. These observations suggest that the appearance of atherosclerosis in any population group may be retarded or prevented by maintaining a balanced caloric intake of a bulky diet with no more than 15 to 20 per cent of calories derived from fats. Circulation, Volume XXII, August 1960 Summary Clinical experience in Israel, supported by statistical surveys, showed a low incidence of atherosclerosis among immigrants from eastern countries as compared to immigrants from western countries. In particular, the incidence of atherosclerosis among immigrants from Yemen was found to be strikingly low.
An investigation of the socioeconomic condition, diet, and nutritional status of 2,200 immigrants from western and eastern countries belonging to different social groups was carried out. Determinations of serum total lipids, total cholesterol, alpha and beta cholesterol, phospholipids, lipoproteins, proteins, and protein fractions were performed.
Significantly the lowest serum cholesterol and beta cholesterol values were found among the " recent " Yemenites (after o years in Israel), the poorest economically, and with an imbalanced caloric intake of the lowest fat content. Higher cholesterol and beta cholesterol values were found among " early (after 20 years in Israel) Yemenites, Iraqi, and European manual workers with no significant differences among them, whereas in Europeans of higher economic level these values were even higher.
Review of 5,000 hospitalized cases of myocardial infarction showed a very low incidence for Yemenites, higher for immigrants from other eastern countries, and considerably higher for European immigrants.
A statistical survey of the entire population for the years 1953 to 1957 showed that the mortality rate from atherosclerosis was extremely low for " recent " Yemenites, considerably higher for "early" Yemenites, and still higher for European immigrants.
These results suggest the influence of socioeconomic conditions, diet, and total caloric balance on serum cholesterol values and atherosclerosis morbidity and mortality. They support the assumption that atherosclerosis is a disease of lipid metabolism influenced by phenotypic factors and therefore can be prevented.
Summario in Interlingua
Experientias cliinic in Israel, supportate per evidentia statistic, indica un basse incidentia de atlierosclerosis inter le immigrantes ab paises al est in comparation con illo inter immigrantes ab paises al west. Particularmente, le incidentia de atherosclerosis inter le immnigrantes ab Yemen se nionstrava como frappantemente basse.
Esseva effectuate un investigation del condition socio-economic, del dieta, e del stato nutritional de 2.200 immigrantes ab le est e le west e ab diverse gruppos social. Esseva executate determinationes del lipidos total del sero, del cholesterol total, del cholesterol alpha e beta, de phospholipidos, de lipoproteinas, de proteinas, e de fractiones de proteina.
Significativemente le plus basse valores seral de cholesterol e cholesterol beta esseva trovate inter le recente yenienitas (in Israel depost 5 annos), qui es economicamente le plus povre e qui ha un mal balanciate ingestion caloric con le plus basse contento de grassia. Plus alte valores de cholesterol e cholesterol beta esseva trovate inter yemenitas precoce (in Israel depost 20 annos), iraqui, e europee obreros manual.
Inter iste gruppos nulle significative differentias esseva constatate, sed in europeos de plus elevate nivellos economic, le valores esseva ancora plus alte. Un revista de 5.000 hospitalisate casos de infarcimento myocardial revelava un bassissime incidentia pro yemenitas; iste incidentia esseva plus alte pro immnigrantes ab le paises del est e considerabilemente plus alte pro le immigrantes europee.
Un studio statistic del integre population pro le annos ab 1953 a 1957 monstrava que le mortalitate ab atherosclerosis esseva extrememente basse pro recente yemenitas, considerabilemente plus alte pro yemenitas precoce, e ancora plus alte pro immigrantes europee.
Iste resultatos signala un influentia del conditiones socio-economic, del dieta, e del balancia caloric total super le valores del cholesterol seral e super le morbiditate e mortalitate ab atherosclerosis. Illos supporta le supposition que atherosclerosis es un morbo del metabolismo lipidic que pote esser prevenite ben que illo es influentiate per factores phenotypic.
